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SYSTEM FOR PERFORMING VERIFICATION 
OF LOGIC CIRCUITS 

RELATED APPLICATION 

This application is a divisional ofU.S. Ser. No. 11/461,469 
entitled Method for performing veri?cation of logic circuits, 
?led Aug. 1, 2006 now US. Pat. No. 7,398,494 and claims 
priority from the application 05107941.6/EP05107941 ?led 
Aug. 30, 2005. 

1. BACKGROUND OF THE INVENTION 

1.1. Field of the Invention 
The present invention relates to a system for performing 

veri?cation of logic circuits and a corresponding computer 
program product. 

1.2. Description and Disadvantages of Prior Art 
Digital logic circuits implement a logic function and rep 

resent the core of any computing processing unit. Thus, 
before a “logic design” is constructed in real hardWare, it 
must be tested and the proper operation thereof has to be 
veri?ed against a design speci?cation. For example, this is 
done in prior art by simulating a so-called gate-level netlist. 
This gate-level netlist has a graph structure With Boolean 
gates as nets and nets as connecting arcs. Storage elements 
like latches can be built from Boolean gates and are com 
monly included as atomic latch instances in a gate-level 
netlist. In the folloWing, We assume that a latch is included as 
an atomic latch instance in a gate-level netlist. Also, the 
abbreviated term “netlist” may be substituted for “gate-level 
netlist”. This gate-level netlist is representing the respective 
sections of the desired hardWare circuit. 
Assume, a simple exemplary digital circuit has a plurality 

of 16 input bits. Then, a plurality of 2 to the poWer of 
16:65536 different input settings exist, Which should be 
tested in total for correct operation of the circuit, or its logic 
model, respectively. This is already a time-consuming Work, 
either done by a computer, but at least surveyed in critical 
points Within the circuit by the hardWare developer engineer 
ing team. Thus, this Way of hardWare veri?cation is called 
“exhaustive” functional veri?cation. 

Today’s hardWare designs, hoWever, are much more com 
plex than the before-mentioned simple 16-bit circuit. Even 
single sections of a hardWare design may comprise hundreds, 
or several thousands of input variables. 

This enormous input bit setting space cannot be veri?ed in 
such exhaustive Way, covering for example a plurality of (2 
exp 2500) different input settings, i.e. “stimuli”, and their 
correct propagation through the gate-level netlist. Thus, a 
so-called “biased, random” veri?cation is done, selecting 
some bit settings only, the propagation of Which seems to 
touch at least some of the “problematic Zones” in a hardWare 
design. Such selection might be to select an input bit pattern 
consisting of only “0”, one of only “1”, (comer cases), and 
some randomly selected patterns in-betWeen them, compris 
ing both values. There are also variations in that type of 
methods in prior art, like “Walking 1s”, etc. 

In summary, the drawbacks of exhaustive functional veri 
?cation are: The simulation runtime is very long due to an 
exhaustive set of stimuli. In many cases it is a time-consum 
ing task to check that all possible combinations for example 
on a certain data path in a gate-level netlist are exercised, and 
that they Work correctly. 
A full (complete) checking is dif?cult to perform, since a 

logic function does not necessarily generate signal level 
changes, When for example, only one bit is changed in rela 
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2 
tion to the preceding input bit pattern. This is due to restric 
tions in the testbench, When registers are being set and reset, 
but there are only special combinations alloWed (i.e. Writing 
Zeros to a register that shoWs already only Zeros). 

An alternative for doing exhaustive, bit value oriented, 
functional simulation is the prior art “symbolic” simulation, 
as schematically depicted in FIG. 2. Here, instead of bit 
values, symbols are propagated through the gate-level netlist. 
For example, a 2-input AND gate With input symbols “a” and 
“b” produces a result “a AND b”. This short logic expression 
is then the input for another gate, thus, maybe “a AND b OR 
c” results after the next step in a selected path. A long path in 
the logic results in an expression of signi?cant extent. If, 
further, some feedback loop connects betWeen some net loca 
tion and a preceding net location of the propagation path, such 
expression can easily “explode”. This is a disadvantageous 
limitation of symbolic simulation or veri?cation. 

In summary, the draWbacks of “symbolic simulation” are: 
First, only small designs can be veri?ed due to the possible 
expression explosion. Further, such expressions groW 
dynamically; therefore the simulation cannot be run on so 
called hardWare accelerators, i.e. on dedicated high-perfor 
mance simulation servers. Further, as the symbols have no 
value, a regular, usual bit-value-based functional simulation 
cannot be carried out simultaneously, Which is often strongly 
desired. 

With reference to FIG. 1, prior art X-state simulation has 
only the anonymous indeterminate ‘X’, multi-value simula 
tion may have more values betWeen 0 and 1, for example ‘Z’, 
but all of them are anonymous. For X-state simulation, either 
plain 0/1 values or an ‘X’ are present at the circuit nets. TWo 
different nets may carry an ‘X’, but a decision to set one ‘X’ 
to 0 does not mean that the other ‘X’ is set to 0 also. One only 
knoWs from the simulation if an indeterminate value ‘X’ may 
have an in?uence to some net or not, see FIG. 1 for an example 
circuit simulated With exemplary values. 
A further prior art approach is disclosed in a yet unpub 

lished patent application U.S. Ser. No. 11/009,350 of the 
Applicant. In this patent application a so-called “Colored 
bits” simulation is dealing With the speci?c (but not deter 
mined) value at selected locations inside the gate-level netlist 
and their propagation through this netlist by the simulator. A 
value 0 at net ‘n1’ colored ‘a’ is in sync With a value 1 colored 
‘a’ at another netlist location ‘n2’, i.e. if ‘n1’ Would be 1, ‘n2’ 
Would be 0. 

By this colored-bits simulation, one can make sure that 
some colored values transported through the logic Would 
have been transported also With other values in the same Way. 
But as soon as tWo colored-values are involved in a logical 

function of the netlist and both have to be propagated on a 
single net, colored-bits simulation loose all advantages and 
can only propagate an anonymous crunched color, i.e. an 
inde?nite or indeterminate color, Which has lost its particular 
property to be exactly a single speci?c color. 

1.3. Objectives of the Invention 
It is thus an objective of the present invention to provide a 

method for veri?cation of logic circuits, Which adds a useful 
alternative in the ?eld of functional, exhaustive simulation 
and of symbolic simulation. 

2. SUMMARY AND ADVANTAGES OF THE 
INVENTION 

This objective of the invention is achieved by the features 
stated in enclosed independent claims. Further advantageous 
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arrangements and embodiments of the invention are set forth 
in the dependant claims. Reference should noW be made to the 
appended claims. 

According to a basic aspect of the invention a method for 
performing a veri?cation of designed hardWare logic circuits 
is disclosed, Wherein the circuits comprise nets and gates and 
Wherein output values are calculated for each gate dependent 
of a predetermined input bit setting; this method is character 
iZed by the steps of: 

a) marking a net With an additional property other than the 
bit value, both, bit value and additional property being 
valid at said net at a given time, 

b) propagating the marking of the net according to a set of 
predetermined semantic rules, Wherein the rules are 
de?ned according to a predetermined simulation aim, 

c) generating an output at a predetermined doWnstream 
location of the circuit, said output providing an informa 
tion, if or if not said property has propagated through the 
circuit to said predetermined circuit location. 

The neW simulation provides knowledge if a set of nets 
(attached With a color) may have any impact on other nets. 
Due to the fact that the simulation can use multiple colors, it 
can tell from Where a net’ s value may be in?uenced. The most 
preferred simulation aim is to be sure that speci?c input nets 
do not in?uence a given evaluation node in the simulated 
circuit. 

The method is referred to herein as “Colored-groups simu 
lation” and uses plain 0/1 values at all nets, like regular 
2-value simulation does. In addition to that, the values can be 
colored. To denote attached colors, they are listed herein as 
letters in parenthesis after the values O/l . A group color value 
attached to a plain value O/l denotes an indeterminate change 
to that value. TWo indeterminate changes ‘a’ at tWo nets are 
related, but not as strong as in full symbolic simulation, or 
colored-bit simulation. The difference is that a change at a net 
colored With ‘a’ may impact other nets colored With ‘a’. 

It is guaranteed by the colored-groups simulation seman 
tics as described in detail further beloW that a change at a net 
colored ‘a’ does not have any impact on nets not colored With 
a 

Considering the example circuit in FIG. 3 With input nets 
carrying colors ‘a’ and ‘b’, a change at input net ‘n1’ is 
guaranteed to have no impact on ‘n4’, as it does not carry the 
color ‘a’. Both colors are attached to the value of output net 
‘n5’, therefore a change at any of the colored inputs may 
result in a change at ‘n5’. 

Advantages Relative to Prior Art: 
X-state simulation (see FIG. 1) can not tell Which indeter 

minate input net property X in?uences a doWnstream net’s 
value. 

Full symbolic simulation can tell Which symbol in?uences 
a net’s value, and in addition speci?es the exact effects by a 
Boolean formula. But the calculation may explode in time 
and/ or memory requirements, such that this is only of limited 
value. 

The Colored-groups simulation or veri?cation method is 
faster than full symbolic simulation, and does not require a 
handling of dynamic data structures. The siZe requirements 
are ?xed and knoWn before simulation run-time. Therefore, 
the colored-groups simulation semantics can be implemented 
by a structural netlist enhancement. 
A regular bit-level simulator as Well as hardWare accelera 

tors can be used to carry out a colored-bits simulation. Full 
symbolic simulation requires dynamic handling of data struc 
tures. In the Worst case, it has an exponential complexity. 
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4 
X-state simulation can also be implemented as a structural 

netlist enhancement. Its simulation runtime and memory 
requirements are less than that of the colored-groups simula 
tion. But the knoWledge gained by the veri?cation is limited. 

In contrast to the US-patent application of the Applicant as 
cited and described above With reference to FIG. 2, a value 0 
at net ‘n1’ group-colored ‘a’ is NOT in synchronization With 
a value 1 group-colored ‘a’ at another netlist location ‘n2’; i.e. 
if ‘n1’ Would be 1, this Would NOT mean that ‘n2’ is 0. The 
relation in group-coloring is a lot Weaker than in bit-coloring, 
any 2 locations in a netlist having the same group color have 
only a possible dependency. i.e., if ‘n1’ Would be 1, then ‘n2’ 
MAY be 0. 
By Colored-groups simulation, one can NOT make sure 

that some group-colored values transported through the logic 
Would have been transported also With other values in the 
same Way. The colored- group simulation can tell only that the 
initially colored values may have an impact on the values at 
the transport end-points, they may have been dropped, or 
inverted, or otherWise logically changed. 

Colored-groups simulation can still shoW the dependency 
of a set of values independently of the complexity of the 
logical function involved, a colored-bit simulation according 
to the above cited patent application Would require multiple 
colors for that purpose, Which have been crunched in most 
logical functions and therefore Would have lost their trace 
ability. 

Thus, as a person skilled in the art may appreciate, that 
Colored-groups simulation provides neW gate-level netlist 
simulation semantics for related indeterminate values. The 
semantics canbe explainedbest also by comparison to the full 
symbolic semantics. 
The full symbolic simulation applies the logical function of 

a gate on the symbols/values at its input nets, and propagates 
the resulting formulas (after applying simpli?cation tech 
niques from time to time) further doWn the circuit. In contrast, 
the colored-groups simulation Will not store the resulting 
formulas; it only stores (besides the plain value O/l) the set of 
colors at the input of the formula. At this point, some tolerable 
degree of accuracy is lost, but the complexity is reduced and 
calculation speed is strongly increased. 

3. BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by Way of example and 
is not limited by the shape of the ?gures of the draWings in 
Which: 

FIG. 1 is a schematic circuit for illustrating the prior art 
X-state veri?cation, 

FIG. 2 is a schematic circuit for illustrating the prior art 
symbolic veri?cation, 

FIG. 3 is a schematic circuit for illustrating the “Colored 
groups” veri?cation method, 

FIG. 4 is a schematic circuit for illustrating a method in 
accordance to the present invention for a particular exemplary 
circuit, 

FIG. 5 is a control ?oW diagram of a method in accordance 
to the present invention. 

4. DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

With general reference to the ?gures and With special ref 
erence noW to FIGS. 3, 4 and 5 a description is given hoW a 
colored-groups simulation can be carried out according to a 
preferred embodiment of the present invention. It may be 
implemented, for example as an extension of a bit-level gate 
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netlist simulator enhancement in software, or as an enhance 
ment of the input netlist to a standard bit-level gate-netlist 
simulator. The procedure is described ?rst in a general Way 
applicable for both applications. Further beloW, the particu 
larities of either an extension of a software simulator or a 

netlist enhancement Will be described in more detail. 

The ?rst main step 510 is to attach so-called “group-col 
ors” to the plain bit values of all nets at the input of a gate, as 
depicted in FIG. 3 With the color attributes a and b at the left 
upper and left loWer input net. 

Simulation is the task of determining the output values for 
each gate according to the current input values. A bit-level 
gate-netlist simulator basically deals With plain bit values 0 or 
1 present at all nets of the gate-netlist during simulation time. 
For the colored-groups simulation, additional information 
pieces are attached to the plain bit values 0 or 1, Which 
information pieces are called ‘group-colors’. 

It should be noted that the colored-groups simulation 
method according to the invention is in principal not bound to 
a speci?c Way to attach colors to a plain bit value. The only 
restriction is that the number of available colors has to be 
knoWn before the simulation is carried out. 

Nevertheless, tWo variants of attaching colors are given 
here for reference purposes, a binary and a one-hot encoding 
scheme. 

a) The binary encoding scheme alloWs only a single group 
color to be attached to a plain value at any time. When more 
than 1 group-color is used for the simulation, an additional 
‘crunched’ group color is de?ned in the simulation. The 
crunched color is used to represent the case Where multiple 
colors are to be attached to the plain value. This can be the 
result of the colored-groups simulation semantics. 

The advantage of this variant is the logarithmic storage 
complexity O(log(N)) for attaching the colors, as a simple 
binary encoding of colors can be chosen. A disadvantage is 
the reduced information When multiple colors are substituted 
by the crunched color, see table 1 for tWo exemplary binary 
encodings. 

b) The one-hot encoding scheme alloWs all de?ned group 
colors to be attached to a plain value at any time. For this 
variant, no crunched color is needed. The advantage is that no 
information is lost as it Would be the case for variant a). The 
disadvantage is the linear storage complexity for attaching the 
colors to the plain values of O(N), as either some kind of 
one-hot encoding or a list structure have to be chosen for the 
colors. 

It should be added that a speci?c colored-groups simula 
tion may chose a further encoding scheme different to the 
variants a) and b) described above, or can apply a mix of them. 
For example the simulation can alloW to attach up to a ?xed 
multiple (e. g. 2) of group-colors to a plain value, but still not 
all (eg 10) of the de?ned colors. 

TABLE 

Table 1: TWo example binarv encodings of group-colors 

Color Binary encoding 1 Binary encoding 2 

No-color 000 00xxx 
‘a’ 001 01000 
‘b’ 010 01001 
‘c’ 011 01010 
‘d’ 100 01011 
‘e’ 101 01101 
‘f’ 110 01110 
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TABLE-continued 

Table 1: TWo example binary encodin_g_s of group-colors 

Color Binary encoding 1 Binary encoding 2 

‘ g’ i 01 1 10 

‘h’ i 01 1 1 1 

‘7 ’/ “crunched 1 11 lxxxx 
color” 

As for all encoding schemes, When not enough attachment 
places are present for satisfying the storage need of all colors 
being de?ned in the simulation, a “crunched” color should be 
added to the knoWn colors. 
The second main step 520 is to calculate output colors of 

combinational gates With a speci?c semantic rule. 
The group-color simulation semantics can be described by 

a group-color calculation rule on an arbitrary combinational 
gate. It is assumed that the ordering of the gate output color 
calculations strictly folloW the sequence of the plain value 
output calculations. By this sequence, a Colored group simu 
lation is capable of handling combinational gates Which form 
feed-back paths Whenever the original simulator Would have 
been able to handle this. 

Storage elements inside the gate-netlist are assumed to 
have a single input (vector) and a single output (vector) net. 
The output (vector) net simply holds the input (vector) value 
of the previous cycle. Any reset, enabling or priority func 
tionality must have been implemented as external gates 
around the storage element. The Colored-groups simulation 
semantics are not dependent on the calculation of the initial 
iZation values for the storage elements. This is a matter of the 
circuit design and related physical properties of the storage 
elements. 

Let us de?ne the set of available colors in a simulation run 
as C, With the group-colors represented as loWercase letters 
‘a’, ‘b’, . . . and the crunched color as ‘7’. For example, ifWe 
have ?ve colors available in a simulation and We chose a 
one-hot encoding, then it yields: 

Let us de?ne an input of a gate as xi With the subscript i 
denoting the i-th input of the gate. Contained in xi is the plain 
value as Well as the set of attached colors. 

Thus x3 for example: x3:0(a,b,d,e) 
Let us de?ne further in a semantic rule selection step 522: 

v(xi) as returning the plain value of xi, 
c(xi) as returning the list of colors attached to xi, and 
p(xi) as returning true only if no colors are attached to xi. 

The vector of all inputs is X, the function of a gate is 
represented as fQi). For example, considering the example 
circuit from FIG. 3, the gate function is: 

It should be noted that any Boolean formula can be trans 
formed into a Boolean formula containing a combination of 
the only logic elements of binary AND ‘&’ and the negation 
‘l’. This transformation holds also for any gate function in a 
Colored-groups enabled simulation. The Colored-groups cal 
culation rule needs therefore only be de?ned for a 2-input 
AND gate and a negation. The Colored-groups output of any 
Boolean formula can then be calculated by successively 
applying the Colored-groups calculation rule for a 2-input 
AND or a negation according to the regular Boolean operator 
precedence and given parenthesis. 
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Using the above de?nitions for the negation and 2-input 
AND, a preferred semantic rule Will be de?ned as described 
next below: 

First, a preferred Colored-groups calculation rule Will be 
de?ned for a negation. The rule can be de?ned by separate 
rules on v(xi) and c(xi).Although p(xi) canbe calculated from 
c(xi), a separate rule is given for it here: 

Effectively, only the plain value (0 or 1) Will be affected by 
the negation. 

Second, a preferred calculation rule Will be de?ned for a 
2-input AND. The value aspect shoWs the expected result as 
knoWn for plain Boolean values: 

The calculation of c(xi & xj) depends on the folloWing 
conditions: 

a) p(xi) & !v(xi) 
b) P(XJ') & !V(XJ') 
c) iIIj & (v(xi) !q/(xj)) 

If any of them hold, c(xi & xj) is the empty set 

C(ximj):{ } (1) 

otherWise it is the union set of both input sets: 

c(xi&xj):c(xi)Uc(xj) (2) 

The aspect p(xi & xj) is 1 if no elements are in c(xi & xj) 
and 0 otherWise. 

Next a calculation example for calculating gate output 
colors is given for the above de?ned rules, see step 524: 
We use the exemplary formula 

and the folloWing exemplary input values and color attach 
ments to demonstrate the calculation rules: 

First, the different aspects of the sub term (x2& x3) are 
calculated by choosing the general rule (2) for c(x2& x3), 
Which evaluates to {b}:{ }U {b}: 

5 
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8 
The negation !(x2 & x3) accounts only for a changed value 

aspect: 

p(!(x2&.x3)):O 

The last step again involves general rule(2): 

Next, the complexity of gate-level functions Will be taken 
in consideration. The above calculations are carried out for 
each Boolean gate formula during a propagation step 526 
Without any substitution of multiple colors by the crunched 
color. Substitution takes place only after a gate is processed 
completely. If a substitution is to be done depends on the 
number of colors Which can be attached to a plain value, see 
above as described in step 510. 
The condition c) iIIj & (v(xi) !q/(xj)) as described above 

can simplify the calculation only if both operands are actually 
from the same input of the gate (index i and j are the same). 
This is useful for a multiplexer Which is typically modelled as 
a NAND implementation: 

Assume this is treated as a single gate inside the colored 
groups calculation of the simulator and both data inputs x2 
and x3 are l. The formula then evaluates to: 

and then to 

Where above condition c) iIIj & (v(xi) !:v(xj)) applies and 
yields: 

regardless of c(xl). 
If this multiplexer had been treated as separate gates, the 

last step Would have seen different inputs and condition 

could not applied; thus the simulation Would have given a 
more pessimistic result in respect to group-color propagation 
through the netlist. 

Finally, in step 530, the selected output node is calculated 
to carry a certain list of colors. These colors can noW be 
evaluated in step 530 according to the evaluation aim as 
de?ned above, principally for the purpose of excluding the 
in?uence of partial nets on the result of the evaluation node. 

Next, the Colored-groups simulation method is described 
in regard to an implementation of a sofWare enhancement of 
a bit-level gate-netlist softWare simulator. 

Colored-groups simulation semantics can be implemented 
by an enhancement in softWare of a bit-level gate-netlist 
softWare simulator. The enhancement basically comprises the 
folloWing steps: 

1. Adding the color information c(xi) to any plain value 
already stored in the simulator. Any implementation must 
decide on the encoding of the colors in these additional stor 
age places, see step 510 above. 

2. Also implementing the color information for any basic 
gate for Which the softWare simulator is calculating a plain 
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value. The above calculation rules for negation and a 2-input 
AND are suf?cient to calculate the color output for any Bool 
ean gate. Depending on the encoding chosen, an optional 
substitution of multiple colors by the crunched color should 
be done before passing the color output value to the next basic 
gate, or before saving the color output. 

Next, and With reference to FIG. 4, the Colored-groups 
simulation method is described in regard to a gate-netlist 
enhancement. 

The Colored-groups simulation semantics can be imple 
mented by an enhancement of the input netlist to a bit-level 
gate-netlist simulator. The Way the simulator is implemented 
does not matter here, as the colored-groups simulation 
semantics are completely coded into the input netlist. 
The netlist enhancement Will primarily comprise: 
l.Adding a number of additional nets to any original net in 

the netlist in order to store the color information c(xi) during 
the simulation run. Any implementation must decide on the 
encoding of the colors in these additional nets. 

2. Adding to any basic gate in the netlist a color calculation 
gate-netlist for calculating the color information. The calcu 
lation rules for negation and a 2-input AND are su?icient to 
calculate the color output for any Boolean gate. It should be 
noted that no additional gate-netlist must be inserted for a 
negation, as the necessary calculation is already covered by 
the original gate. 

Depending on the encoding chosen, an optional substitu 
tion gate-netlist must be inserted to transform multiple colors 
into a crunched color. Of course, any simulation control pro 
gram must understand the semantics of the additional nets to 
correctly set and read the color information of the simulation 
run. The advantage of enhancing the netlist is that a range of 
simulators can be used once the enhanced netlist is created. 
This includes hardWare accelerators, Which generally yield 
best results When simulating a bit-level gate-netlist. 

The encoding for this example is chosen to be a one-hot 
encoding using tWo bits, thus tWo group colors are available 
and can be stored at any net at the same time. A respective 
circuit scheme is depicted in FIG. 4. 

This FIG. 4 shoWs an exemplary netlist enhancement for a 
2-input AND gate. The original gate is ‘l_original’ With plain 
input nets ‘A’ and ‘B ’ and output ‘Y’. The netlist enhancement 
added for each original net ‘A’, ‘B’ and ‘Y’ their ‘_CC(0)’ and 
‘_CC(l)’ variants to store the color information. 

To calculate these colors, gates 11 to 17 are inserted. The 
three regions R1, R2 and R3 are taking over the folloWing 
calculations: 
R1 is calculating the conditions a) and b) above. 
R2 is calculating the union of colors (see equation (2)). 
R3 is clearing the colors from R2 if conditions a) orb) hold. 
It should be noted that every bit-level gate-netlist can be 

enhanced using this basic enhancement step as every Boolean 
function can be represented as negation and 2-input ANDs. 

Finally, an LBIST (logic built-in-self-test) veri?cation 
application example is given. The problem of the LBIST 
veri?cation is to ensure that the LBIST signature is not in?u 
enced by so-called ‘free-running’ logic Which does not 
directly participate in the LBIST. 

Usually parts of the ‘free-running’ logic do have an impact 
on the LBIST results. The method to identify these logic 
sources is mostly handcrafted, cumbersome analysis of 
X-state simulation results, trying to back-trace ‘X’ values 
through the netlist. Once the set of participating logic is 
found, every possible value set is to be analyZed, and it must 
be veri?ed that these values have no real impact on the LBIST 
signature. For complexity reasons, it’s crucial to keep this 
logic set as minimal as possible. 
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10 
By Colored-groups simulation in one-hot encoding, it is 

possible to build an algorithm ?nding this minimal set of 
contributing logic in a fully automatic Way. 

Let us de?ne the set of possibly contributing nets as P:{p 1, 
p2, . . . , p1}, the set of nets Which are alloWed to contribute as 

O, and the set of LBIST signature nets as S. 

The set of available colors in the simulation is C:{cl, 
c2, . . . , cL}, and let us de?ne an assignment of colors to 

contributing nets as A:{al, a2, . . . , aL} With each element al 
as a subset of P. That means that only possibly contributing 
nets (P) get a color assigned. 
No net pj is in tWo sets al at the same time. The color 

assigned to nets in al is cl. For example, the nets in a3 get 
assigned the group color c3. The set Z:{cl, c2, . . . , cM} 
should be the set of colors found after simulation at the 
signature nets S. 

A function ‘neWAssign’ takes a set of nets as input and 
generates an assignment A of the available colors C to these 
nets. This function can be made smart in deciding Which 
colors should be assigned to Which nets, but it Will require 
knowledge for example about used naming conventions in the 
logic to guess a function of a net from its name. 

Nevertheless the algorithm Works also With a greedy 
implementation of ‘neWAssign’, Which equally distributes 
the colors to the input nets in a round robin fashion as far as 
nets of the input set still do not have colors assigned. 

A Colored-groups simulation ‘run’ takes A as input and 
calculates Z. The folloWing is a simple recursive algorithm to 
?nd the minimal set of P called Pmin. The algorithm basically 
consists of a central function ‘doSim’. Not shoWn is a helper 
function ‘ithHalfOfSet’, Which takes a set as its ?rst argu 
ment, and simply returns either the ?rst half of the set or the 
second half of the set, depending on the second argument 
being a 0 or 1. 

Let €denote the relation “is element of” from the math 
ematical set theory, ‘Setil U Seti2’ denote the union of the 
sets Setil and Seti2, and ‘Setil\Seti2’ denote the set that 
results from deleting the set Seti2 from the set Setil, then 
the algorithm is de?ned as folloWs: 

FUNCTION doSirn(Parg) DO 
IF cardinality(Parg) = 0 THEN 

// nothing more to do 
RETURN 

ENDIF 
A := neWAssign(Parg) 

Z := run(A) 
VAR split := false 
FORALL al €A DO 

IF color(al) €Z THEN 
//At least one net in nets(al) may in?uence the signature 
IF cardinality(nets(al)) = 1 THEN 

// De?nite in?uence of net, move nets(al) into Pmin 
Pmin := Pmin U nets(al) 
Parg := Parg \ nets(al) 

ELSE 
split := true 

ENDIF 
ELSE 

// No in?uence of all nets a 

Parg := Parg \ nets (al) 
ENDIF 

ENDFORALL 
IF split = true THEN 

// Divide and conquer 
doSim (ithHalfOfSet (Parg, 0)) 
doSim (ithHalfOfSet (Parg, 1)) 
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-continued 

ELSE 
doSim Parg 

ENDIF 
ENDFUNCTION 

The recursive function needs to be called With the initial set 
of nets possibly contributing to the LBIST signature nets, 
Which is calculated by all nets (N) Without the signature nets 
(S) and the set of nets Which are alloWed to contribute (O): 

doSim(P) 
After the recursive function doSim has returned, the results 

are stored in the global set Pmin. 
The present invention can be realiZed in hardWare, soft 

Ware, or a combination of hardWare and softWare. A veri?ca 
tion tool according to the present invention can be realiZed in 
a centraliZed fashion in one computer system or in a distrib 
uted fashion Where different elements are spread across sev 
eral interconnected computer systems. Any kind of computer 
system or other apparatus adapted for carrying out the meth 
ods described herein is suited. A typical combination of hard 
Ware and softWare could be a general purpose computer sys 
tem With a computer program that, When being loaded and 
executed, controls the computer system such that it carries out 
the methods described herein. 

The present invention can also be embedded in a computer 
program product, Which comprises all the features enabling 
the implementation of the methods described herein, and 
whichiwhen loaded in a computer systemiis able to carry 
out these methods. 

Computer program means or computer program in the 
present context mean any expression, in any language, code 
or notation, of a set of instructions intended to cause a system 
having an information processing capability to perform a 
particular function either directly or after either or both of the 
folloWing 
a) conversion to another language, code or notation; 
b) reproduction in a different material form. 

The invention claimed is: 
1. A computer system for performing a veri?cation of a 

logic circuit, Wherein the logic circuit comprises nets and 
gates and Wherein output values are calculated for each gate 
dependent on a predetermined input bit setting, the computer 
system having 
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12 
a) means for marking a net With an additional property 

other than a bit value, Wherein both said bit value and 
said additional property being valid at said net at a given 
time; 

b) means for propagating the marking of said net according 
to a set of predetermined semantic rules, Wherein the set 
of predetermined semantic rules is de?ned according to 
a predetermined simulation aim; and 

c) means for generating an output at a predetermined 
doWnstream location of the logic circuit, Wherein said 
output provides an indication regarding Whether said 
additional property has propagated through the logic 
circuit to said predetermined doWnstream location or 
not. 

2. A computer program code, When executed on a computer 
in a data processing system, performing steps of veri?cation 
of a logic circuit, Which comprises nets and gates, the steps 
comprising: 

a) marking a net With an additional property other than a bit 
value, Wherein both said bit value and said additional 
property being valid at said net at a given time; 

b) propagating the marking of said net according to a set of 
predetermined semantic rules, Wherein the set of prede 
termined semantic rules is de?ned according to a prede 
termined simulation aim; and 

c) generating an output at a predetermined doWnstream 
location of the logic circuit, Wherein said output pro 
vides an indication regarding Whether said additional 
property has propagated through the logic circuit to said 
predetermined doWnstream location or not. 

3. A computer program product stored on a computer 
usable medium comprising computer readable program 
means for causing a computer to perform the steps of: 

a) marking a net in a logic circuit With an additional prop 
erty other than a bit value, Wherein both said bit value 
and said additional property are valid at said net at a 

given time; 
b) propagating the marking of said net according to a set of 

predetermined semantic rules, Wherein the set of prede 
termined semantic rules being de?ned according to a 
predetermined simulation aim; and 

c) generating an output at a predetermined doWnstream 
location of the logic circuit, Wherein said output pro 
vides an indication regarding Whether said additional 
property has propagated through the logic circuit to said 
predetermined doWnstream location or not. 

* * * * * 


